We present a measurement of the lower-branch exciton-polariton occupation in roomtemperature J-aggregate microcavity devices under low-density steady-state excitation. The observed occupation follows a Maxwell-Boltzmann distribution at T=300K, indicating efficient polariton relaxation, necessary for achieving lasing. The use of organic materials in microcavity devices allows for the observation of the strong coupling of light and matter at room temperature due to the large oscillator strength and high binding energy of the Frenkel exciton transitions in organic molecular thin films [1, 2] . In the past decade, research in the field of inorganic excitonpolariton devices has witnessed the demonstration of coherent light emission from exciton-polariton states, which may be a first indication of the superfluidity which has been theoretically predicted for microcavity excitonpolaritons; such polariton lasing, however, has remained elusive in organic systems, and experimental studies beyond linear optical measurements of organic microcavity devices have been minimal [3] [4] [5] [6] [7] [8] .
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A key process in realizing exciton-polariton lasing is the relaxation of lower-branch exciton-polaritons from the exciton reservoir to the lowest energy in the lower-branch at k || =0 (ș ) via scattering. In this study, we show a measurement of lower-branch exciton-polariton occupation in organic systems probed through photoluminescence (PL) and introduce a means of pumping the exciton-polariton states via a luminescent cavity spacer layer. The occupation of exciton-polaritons in the lower-branch in the measured devices is found to fit a Maxwell-Boltzmann (MB) distribution at T=300K, indicating that the population is thermalized. At higher pump intensities, we observe amplified spontaneous emission from the cavity spacer layer, indicating the potential of achieving lasing in an exciton-polariton mode via stimulated emission in the spacer layer. The structure of devices measured in this study is shown in Figure 1a . A microcavity is formed using two distributed Bragg reflectors (DBRs) consisting of alternating pairs of layers of silicon dioxide (SiO 2 ) and titanium dioxide (TiO 2 ). The J-aggregate thin film is deposited through spin self-assembly of alternating layers of PDAC energy with Maxwell-Boltzmann fit at T=300K. Figure 2a shows the angle-resolved PL at nearly-zero detuning. The measured lower-branch exciton-polariton PL is converted to a relative occupation number by taking account both of the effect of the planar structure on observed emission intensity and the effect of the changing composition of the exciton-polariton from photon to exciton due to larger positive detuning of the cavity resonance from the exciton resonance as the emission angle increases. Figure 2b shows the observed counts of the lower-branch exciton-polariton PL scaled to correct for the above effects with a plot of the MB distribution at T=300K. The excellent fit of the lower-branch exciton-polariton relative occupation to the MB distribution at T=300K indicates that the exciton-polaritons pumped into the lowerbranch have thermalized prior to decay. Since the peak of the lower-branch exciton-polariton emission at ȜaQP is considerably red-VKLIWHG IURP WKH '&0 HPLVVLRQ SHDN RI ȜaQP ZH FRQFOXGH WKDW WKH WKHUPDOL]DWLRQ LV OLNHO\ occurring in the lower-branch exciton-polaritons and not in the DCM molecules prior to pumping the excitonpolaritons.
We have also observed that with increasing pump energy density, a threshold is seen in emission both from the lower-branch exciton-polariton and from the first Bragg mode of the DBR below the stopband, indicating the likely onset of amplified spontaneous emission in the luminescent cavity spacer layer. This result suggests that a type of ³SRODULWRQ ODVHU´ FRXOG EH IDEULFDWHG E\ PDNLQJ D 9&6(/ ZKRVH JDLQ PDWHULDO LV WKH OXPLQHVFHQW FDYLW\ VSDFHU OD\HU and which lases in a strongly-coupled exciton-polariton mode. We will discuss threshold considerations for organic exciton-polariton lasers and the applicability of existing theory in inorganic exciton-polariton systems to organics.
